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ABSTRACT 
Estimating a task or project is second only in importance to the specification. Without a good 
estimate, there is no appreciation of the time that the task will take, the range and quantity of 
resources required, the costs involved, or a means of planning, monitoring and controlling the 
implementation. This paper discusses various estimating techniques that are used in a number 
of situations such as bidding for a contract and typical university projects, and describes a 
method used to impart estimating skills to inexperienced university students. 
 
 
1 INTRODUCTION 
 
Historically, estimating was associated with stop watches and time measurement and was the 
basis for rate fixing on the shop floor. It arose out of the desire for the workforce and 
employers to have a record of process times and other activities, against which wages could 
be set. An important by product of the establishing of rate fixing, was the need to prepare 
manufacturing information in detail, allowing every piece part to be individually assessed. As 
a result, there was a significant reduction in the skills required in production units, as all the 
processes had to be clearly defined and nothing left to the discretion or expertise of the 
operator. One of the major professional engineering institutions in the UK (IEE) for many 
years regarded estimating as a ‘technician’ activity, not in any way qualifying for chartered 
status. With the increasing complexity of products and projects and the recognised need to be 
able to control every aspect of a task in order to be cost effective and efficient, organisations 
now place a very significant emphasis on the ability to estimate accurately.  
 
Estimating is a difficult task and relies heavily on the experience of those given the 
responsibility. In all cases they will have insufficient information on the specification of the 
product or project, much of which will not be defined until the implementation is under way. 
Some of the information they have will be inaccurate and some will be changed as time 
passes. Notwithstanding all these hazards and many more, it will be from the initial estimates 
that a firm will bid for a contract and the price quoted will commit that organisation to the 
risk of profit or loss, depending significantly on the goodness of the estimate. 
 
2 BIDDING FOR A CONTRACT 
 
Every business organisation, irrespective of size, bids for contracts on a regular basis. Each 
bid made commits that company to risk which could involve severe financial penalty. 
However in every case each organisation is hoping to make a useful profit and establish a 
  
reputation for the service or product being offered. An estimate is required of every feature 
that it is to be delivered. Firstly the specification of the delivered equipment or service has to 
be studied in great detail. The content of the specification has to be broken down into work 
packages, each of which has to be assessed for difficulty and content. The foundation for a 
planned structure is provided by the set of targets, associated tasks and estimates of time, 
manpower, materials and services required. Poor estimation of these tasks is a foundation for 
disaster. The greatest hazards are the complete overlooking of some things that have to be 
done and the underestimation of time and cost for all tasks.  
 
A consideration in planning is to determine what would happen if something goes wrong. 
Some of the anticipated pitfalls and some of the unanticipated will in fact occur. Best and 
worst case timing and cost for each task should be estimated and from them best estimates 
derived. Hopefully some tasks will be completed within their estimates to compensate for the 
inevitable over runs. Realism and sometimes pessimism comes with age, experience and 
suffering, especially from those who have been associated with projects that have overrun. 
The recent examples of UK government software project disasters show how difficult it is to 
get the estimates correct, e.g. the new Air Traffic Control Centre at Swanwick where the 
hardware has been in place for some years and yet the software is still not finalised. An 
important by product of the problems at Swanwick, which is typical of high tech projects, is 
that the system is technologically obsolete before it goes into operational service. Nothing is 
gained by ignoring new factors and slavishly following a partially irrelevant plan. Acceptance 
of the need to review and revise the system systematically is part of project planning. 
 
The next stage is to assess if any new development work is required, or whether the 
requirement can be met from a stock or bought-in items.  With this more detailed breakdown 
of the content, it should then be possible to estimate the effort required in man-hours or days, 
for each item to be developed.  
 
There are two broad categories of cost, non-recurring costs and fixed costs. Non-recurring 
costs are one-off costs. They can be further divided into capital costs, which include 
depreciable costs such as buildings and machinery and non-depreciated costs such as land. 
Recurring costs, also called operating or manufacturing costs, are a direct function of the 
manufacturing activity. Each item machined will result in a recurring cost. Another 
classification system is the use of fixed costs, which are independent of the rate of production 
and variable costs, which change with the production rate. Fixed costs include: indirect plant 
(investment and overhead), management and administration, selling. 
 
Methods for developing cost estimates can be broadly classified into three categories: 
methods engineering, costs by analogy, parametric analysis of past data. In methods 
engineering costing, the separate elements of work for a component are identified and 
analysed in detail and summed to produce a total cost for the part. Cost estimation by analogy 
involves basing the prediction of cost for a proposed design on the costs of a previous project. 
Allowance must be made for cost scaling due to the size and complexity of the project. For 
example it might be possible to base the cost estimate for the Airbus Industrie A340 four 
engine wide-bodied transport aircraft on the A310 two engine aircraft. This method requires a 
database of experience or published data. Cost estimation by analogy can normally only be 
used for similar products. It would not be sensible to base the cost estimate for a supersonic 
aircraft on the costs of the A310 aircraft due to the difference in technologies between 
subsonic and supersonic flight such as wingforms, powerplants and materials. In the 
  
parametric approach to cost estimation, analysis is used to establish relations between system 
costs and initial specifications (see Roskam (1986), Mileham (1993)). For example it might 
be possible to model the cost of developing a turbofan engine by 08.074.014.0 NTC = , where C 
= cost (£ millions), T = thrust (N), N = number of engines produced (after Dieter (2000)). 
This method is particularly useful at the conceptual design phase. 
 
The greater the technological advance involved, the larger the extent of underestimation. The 
well publicised figures for the escalation of forecasts of the development costs of the 
Concorde airliner show that these costs escalated almost linearly from £150 million in 
November 1962 to £1065 million in June 1973 (Twiss (1986)). 
 
All costs in a manufacturing company are initiated in the design. It is in the manufacturing 
stage that the major costs are incurred. Examination of these costs by careful analysis, on the 
assumption that cost patterns do exist, almost invariably yields results, sometimes surprising, 
sometimes confirming what always has been suspected but never actually questioned. 
 
For inexperienced or student engineers estimating is a particular problem. One method to 
overcome this, used at the University of Sussex, is based on the calculation of processing 
costs following the work of Swift and Booker (1997). Students, especially at the start of their 
education are often not even aware of the scope of material choices, let alone manufacturing 
techniques. In order to overcome this, most engineering degrees include courses in materials 
and manufacture. The work of Swift and Booker, if used in the educational context allows 
these areas to be pulled together with the added benefit of cost evaluation at the concept and 
detailed design phases. The process capability of each manufacturing technique can be 
described to students in summary form considering the physical process, material capability, 
economic factors, typical applications, design aspects and quality issues. This information 
can then be utilised in the estimation of the cost of manufacture of a proposed concept using: 
      RPVCC vm +=      (1) 
where Cm =  cost of manufacture, V = volume of material required, Cv = cost of material per 
unit volume, R = relative cost coefficient taking into account complexity of shape etc., P = 
basic processing cost for an ‘ideal’ design of component. 
 
A given company will likely have its own data for the costs of materials and particular 
machining processes. In the absence of this information, Swift and Booker present an 
estimate of basic processing costs against quantity based on an ideal design along with 
material costs. The factor R in Equation 1 can be modified to account for complexity and 
other factors where a design departs from a simplistic ‘ideal’. Equation 1 accompanied by a 
knowledge of processing capability therefore empowers a student to provide a cost estimate 
for a number of competing concepts. Based on the comparison a quantitative decision on cost 
can be taken as to which design is favourable or an estimate made for a contract bid. 
 
It is here that the matter of contingencies arises. The estimates should include a percentage to 
account for future cost changes during the period of manufacture, installation, or 
construction. There are also other contingencies, which relate to errors in design and 
manufacture of scrap, employee absenteeism, lack of resources and delay in supply of 
materials. Experience will give an indication of how large a percentage should be added. 
With a significant development content it may be as high as 30%. Possible changes in the 
value of currency during the period of the business also needs consideration in the final bid. 
 
  
With every contract bid there are commercial costs to be considered. The cost of negotiating 
the deal, travelling to meet with the client and also the overheads of running the organisation 
that need to be recovered. All require estimating in terms of the amount of effort required for 
the particular tasks. An estimate of the delivery date, which takes account of the client’s 
expectations, is essential. Having collected all the data and consolidated the estimates into a 
business plan, the management must then decide on the goodness of the estimates and 
whether the business is viable. In addition the decision whether to submit a bid or not and the 
actual price offered for consideration, must take into account many factors. Intelligence 
obtained on the client’s budget for the project, on the technical compliance of the bid, and the 
knowledge of the ability of competitors to meet the present requirement. This will be based 
on the systems offered by them to other clients where they have been successful. The 
decision does not alter the estimates but allows the amount of profit to be adjusted. 
 
Control is not possible without a project or task being broken down into work packages and 
the estimates of cost and time, which relate to each package. On the assumption that it is 
viable, the implementation should be controlled using either bar charts or some form of 
critical path analysis. For each activity the earliest and latest time should be established.  This 
will give the limits on the final delivery date, which must of course conform to the 
contractual obligation. If this is not so, some rearrangement of the logic has to be made, or 
extra effort or resources brought in, to endure that the delivery date is met. An analysis of 475 
small British projects showed that these projects had durations ranging between 1.39 to 3.04 
times the estimated time, these errors being greater than the range of cost estimates of 
between 0.97 and 1.51. For large projects, cost escalation is more significant than slippage in 
the development time. In some cases ‘crash’ action can save a slipping programme.  However 
beyond a certain point slippage in time results in substantial extra costs and loss of reputation 
and possibly a claim for damages by the client. 
 
All these problems make bidding and implementing projects a risky activity, but many 
organisations make a great success of their businesses and show considerable profits, but 
there are unfortunately many that do not succeed and their failure can in some cases be 
blamed on their inability to properly estimate costs. 
 
3 ESTIMATES APPLIED TO UNIVERSITY PROJECTS. 
 
It is a regular feature in education, particularly in university engineering departments that 
projects are almost invariably set with fixed end dates. Students should be encouraged to plan 
their programme of work in order to ensure delivery on time. It is not acceptable to suggest 
that the time taking to plan is a waste of time. As already seen, a plan even if quite simple, is 
essential to monitoring progress and will draw the attention of the student to any potential 
slippage and avoid many sleepless nights as the final date approaches. 
 
A typical project will have a number of benchmarks or milestones, where submissions have 
to be made for assessment at intermediate points. It is a very useful discipline for the student 
to plan and estimate the amount of time and therefore the effort that has to be put in at each 
stage. Planning should not be considered as just another exercise to be done initially and not 
looked at again. Planning and estimating the times for each part of a project encourages the 
student to manage the work and distinguish between those tasks, which are urgent, and those, 
which are important for the future. Each milestone is a goal and these goals can be broken 
down into simple activities that can be done week-by-week, to make progress towards the 
  
goal. Over a typical week it is important to compare what has been done, with what was 
planned and to work out the reasons for any mismatch. Typical causes might be interruptions 
due to too much time spent answering the telephone, or getting sucked into peripheral tasks, 
or spending too much talking to others and allowing them to deflect the student from the line 
of though required. An analysis of a student’s chart will allow things to be rescheduled, to do 
the unpleasant jobs as quickly as possible and separate thinking from doing. 
 
An example of a typical question set to develop the student’s knowledge of estimating, 
monitoring and control of projects, originally set at Manchester University in 1985 for the 
Management Module of the B.Sc. Electrical and Electronics course, is outlined in the table 
below.  
 
The design must be completed before any other activity can start and all other activities must 
be completed before the testing can start. It may be assumed that each subassembly may 
proceed independently of the others, unless otherwise indicated.  
 
Students are asked to draw a precedence diagram (see Figure 1) to indicate: the earliest 
completion date (answer 29 days), the critical path (answer ABEFGN), the float of activity H 
(answer 6 days). In addition they are asked if activity I were to be delayed by 8 days, what 
would be the effect on the earliest completion date (answer 2 days delay). 
 
Table 1: Estimation of task durations. 
 
 Activity  Days Comments 
Design A 10  
Subassembly 1 B 5  
 C 3  
Subassembly 2 D 6  
 E 2 Cannot start until 2 days after B completed 
 F 1 Cannot start until H completed 
 G 4 Cannot start until C and I completed 
Subassembly 3 H 2  
 I 2  
 J 3  
Subassembly 4 K 5  
 L 7  
 M 1 Cannot start until I completed 
Test N 5  
 
A bar chart is useful for simple tasks but as soon as there is a change of plan or a delay 
occurring after the chart has been prepared a major redrawing is required. With the Critical 
Path diagram, the effect of changes can be quickly determined and with complex diagrams 
analysis can be achieved with computer programs. The CPM allows precedence to be seen 
clearly by the introduction of ‘Dummy’ activities with zero time e.g. F not being permitted to 
start until H is complete. 
 
In controlling a project using a chart or networks it is important to recognise how they can be 
adapted to various situations. Often the simplest conclusion arising from a delay in an 
  
activity, which would otherwise cause an overall delay, is to suggest that extra staff would be 
able to overcome the problem. This is not often a realistic solution. The better way is to 
examine the logic of the diagram and to re-arrange the various activities so that the items on 
the original critical path are no longer the determining factors. With complex projects where 
the number of activities runs into many hundreds, the use of Critical Path Analysis is the only 
viable way of monitoring and controlling the work, checking on the continuing validity of 
time and cost estimates and allowing revisions to be made in the easiest possible manner. 
 
 
 
Figure 1: 
 
4 CONCLUSIONS 
 
Without detailed planning and the associated estimates of time and cost, any project is 
effectively out of control as there are no reference points against which it can be monitored. 
Every student should be given sufficient guidance and encouragement to appreciate the value 
of an organised approach to all activities whether it is a school or university project, an 
investigation, or an experiment, or in a business environment. The approach described here 
provides a basis for estimation and can be used to develop core skills prior to the use of 
advanced database-software methods in agile engineering approaches. 
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